A theory of sound propagation based on Niessen's method is developed.
The velocity potential at a given point above a boundary is expressed in the form of surface integral on the boundary.
The advantage of the theory is that it is applicable not only to a homogeneous plane surface but also to a surface with irregularity or a composite surface of different kinds. Theoretical examinations are made in three cases, i. e., a boundary of perfect reflection, a boundary of finite impedance and a boundary of finite impedance with irregularity. In the last examination, it is assumed that the boundary is almost flat but has some concaved portions distributed with a certain pattern. On this assumption, the theoretical result is found in good agreement with the experimental result measured over a turf-covered ground.
A way of applying the theory to the case of a composite surface is also described.
In connection with the theory, the strict mathematical formulation of Huygens principle is given.
INTRODUCTION
It is well known that theories of sound propagation by Rudnick1) and Ingard2) are based on the theories of electromagnetic wave propagation by Sommerfeld and Weyl,3) respectively. In these theories the ground surface is assumed to be a homogeneous plane boundary. From a practical point of view, however, this assumption does not necessarily hold since a composite surface of different kinds or a surface with irregularity is usually the case. In this paper, a theory of sound propagation based on Niessen's method4) is developed. The velocity potential at a given point above a boundary is expressed in the form of surface integral on the boundary. Accordingly the theory is applicable to the case of a composite surface and, on some asAs described in a previous paper,6) irregular responses seen in the experimental results over a turf-covered ground are considered to be the effects of ground irregularities. In order to see how the ground irregularities affect the propagation characteristics, we first estimate the irregularity pattern of the surface from the experimental data assuming that the surface is almost flat but has some concaved portions. Then a theoretical examination is made and shown to be in good agreement with the experimental result.
REPRESENTATION OF NIESSEN'S THEORY IN ACOUSTIC SYSTEM
We consider the velocity potential at point R due to a point source S above a plane surface f1 shown in and apply Green's theorem to the shadowless domain which is bounded by the surface f1 and infinitely In the following sections, we offer two examples of theoretical calculations of sound propagation over some practical boundaries.
Boundary of Perfect Reflection
We pay attention to reflection characteristics and consider only the second term in Eq. impulse response as shown in Fig. 4 . The first response in each waveform represents the reflected wave, which may be considered perfectly reflected. The second response is the error caused by the finite upper limit of integration for a. In other words, it can be considered the diffracted wave from the periphery of the oval area shown in Fig. 2 . Figure 5 shows the contribution from each oval ring shown roughly in Fig. 2 in the case that h= 140cm. Each of the wave elements has a differential form of triangular impulse, and summation of these elements forms the impulse response shown in Fig.  4(a) . Figure 6 shows the contribution from each sector shown roughly in Fig. 2 . Here amplitudes are enlarged by a factor of 10. We find that the contribution When the height h is sufficiently high, the plane (4.12) (4.13) Figure 9 is the result calculated approximately for h=140cm, and it agrees very well with the result shown in Fig. 8(I-a) .
SOUND PROPAGATION OVER A BOUNDARY WITH IRREGULARITY

Experimental Results
Experimental results of sound propagation over a turf-covered ground6) are shown in Fig. 10 for h= 13.3 to 140cm with 3.3cm step. Here, the irregularities along the broken lines are the components reflected from a tripod used to support a microphone. The others may be considered the effects of irregularities of the boundary. Now pay attention to the concaved portions of the response at h=140cm, and trace them upward. Then we obtain three curves (a), (b) and (c) as shown in Fig. 10 . 
